Notes on the Solar Corona and the Terrestrial Ionosphere
By Sydney Chapman l Outward thermal conduction from the solar corona We shall consider in the simplest possible way some properties that would characterize a model solar corona, static and spherically symmetrical (while recognizing that the actual corona is dynamic and asymmetric). The problem has already been discussed by many writers (Woolley and Stibbs, 1953) . Van de Hulst (1953) has critically reviewed much recent work. The problem deals partly with the escape of coronal gas from the sun's gravitational field, e. g., as considered by Pikelner (1948 Pikelner ( ,1950 whose estimate of the rate of escape is judged by van de Hulst to be excessive. Rosseland (1933) , Biermann (1948 Biermann ( , 1951 , and others have discussed the outward streaming of gas from or through the corona. These matters need further discussion, but I hope the present simple limited treatment is worth consideration. Let the model corona consist entirely of protons and electrons, with equal number densities n. This and the temperature T are functions only of R, the distance from the center of the sun. Without inquiring how this comes to be, let us suppose that T has a maximum (To) at a radius R o which is taken to be 7.36 X10 10 cm, namely 4X10 9 cm greater than RQ, the "radius of the sun," 6.96 X10 10 cm (Woolley and Stibbs, 1953) . Initially no account is taken of magnetic fields; their influence is briefly considered in the fourth section.
The thermal conductivity K of a protonelectron gas can be calculated fairly exactly (Chapman, 1954) . It is 0.324 K,, where K, denotes the thermal conductivity, for the same n and T, of a gas composed of electrons alone, half positive, half negative, supposed permanent, without recombination.
Let k denote Boltzmann's constant, e the electrostatic unit of charge, m the electron mass. Then, allowing for a factor 4/3 to correct the first approximation to the formula for K (Chapman, 1954, p. 155) , we obtain 25 A t (2) =2 -2*7(1+z»);
_AkT( kT V' 2 where and by use of the Debye cutoff distance (Spitzer, 1956) instead of the cutoff distance that I proposed in 1922 (Chapman, 1922) ; the adoption of a fixed cutoff distance is a weakness in the calculation, but the resulting value of K is probably correct within 10 percent. With values of T and n appropriate to the corona, x is large, and approximately A 2 (2) =35.5+13.8 log (T/n 1 '").
Thus, if T=10 6 and n=10», ^1,(2) =76.9 (the use of my cutoff distance would give 55.8). If 2 = 10 9 and n=10 9 , 4,(2)=90.7. If T= 2X10 8 and 71=10*, 4 2 (2)=94.9. The dependence of Aa(2) on T is not great, and on n is decidedly small. Here A 3 (2) will be taken to have the value 85, independent of T and n.
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Then for proton-electron gas, at temperature T, K=A T 5 * erg/cm sec°K (1) where ^4=5.2 X10~7; Woolley and Allen (1950) adopted 5 X 10~7 as the value of A (Woolley and Stibbs, 1953, p. 234) , taking ii,(2) as 50, and not using the factors 0.324 and 4/3, not then published (Chapman, 1954) . The present estimate of A may be uncertain to 10 percent.
It is convenient to rewrite equation (1) as
so that KQ denotes the thermal conductivity at To, and s=5/2. The model corona will extend to infinity, where we suppose that T=0. The conditions being steady, there will be a constant outward flow of heat by thermal conduction; the flux F over the sphere of radius R will be independent of R, and is given by the equation,
F=-4irR
i KdTldR.
The gas being supposed everywhere fully ionized, so that equation (2) As T-T o at R=R 0 , the integration of equation (4) gives
As T=0 at infinity, and therefore
Hence also T=T 0 (Ro/R) l ' it+v ,
which gives T at any radius R. As s=|, T varies as 1/R 2/7 , decreasing only slowly from the sun.
In , the values in column c must be increased or decreased proportionately.
Owing to the eccentricities of the orbits, especially of Mercury, Mars, and Pluto, the temperature of the gas encountered in their orbits will vary; the variations of 10 6 T/T o are as follows for these three planets: The thermal flux inward, from the corona to the chromosphere, has been estimated by Alfv6n (1941) , Giovanelli (1949) , and Woolley and Allen (1950) (1950) estimated the radiative loss of energy from the corona to outer space to be 2.7X10 28 ergs/sec, or about twice the outward conductive flux here given. This radiative loss of energy proceeds mainly from the layers of the corona near the sun, where metal ions are most abundant and the density is greatest. Beyond a few solar radii the radiative loss of energy must be a small fraction of the conductive loss.
1 Their estimate of the total power needed to maintain the corona at 10 8 degrees is little altered by the inclusion of the outward conductive flux: at 1.5 X10 27 ergs/ sec it is about 4X10~7 of the total solar output.
Column d of table 1 gives the energy E per proton or electron, in electron volts, for a gas whose T equals the number shown in column c; columns e and / give the corresponding root mean square speeds v + , v e of the protons and electrons, in km/sec. Column g gives the mean orbital speed v P of the planet, in km/sec. The speed v+ exceeds the speed of sound V in the ratio (3/7) 1/2 , where 7 denotes the ratio of the specific heats: for a proton-electron gas, 7=5/3, hence (3/7) 1/2 = 1.34. Comparison of columns e and g shows that if T 0 =10 6 the planetary motion is decidedly subsonic in the coronal gas, and the Mach ratio v P /V decreases from about 1/3 for Mercury to about 1/12 for Pluto.
Column d shows that if T 0 =10 8 the mean particle energy exceeds 13.6 ev, which is the ionization potential of atomic hydrogen, up to and beyond the orbit of Saturn. As E decreases, the proportion of neutral hydrogen atoms will slowly increase. This will modify the radial variation of the thermal conductivity K, and of the temperature gradient and density.
Statical equilibrium of the model corona The equation of statical equilibrium of the model corona is dp--pg dR or
where
Here p and p denote pressure and density, H the scale height, M the mean molecular mass; for a proton-electron gas, M is 8.37 XI0"* 8 , half the mass of a hydrogen atom. Also
where g and g 0 denote the value of solar gravity at Substitution in equation (10) for T from equation (8), and for g from equation (11),
Hence p decreases steadily outwards, not to zero but to the finite limit p»e~m; if To=lO 6 , the factor «"• is 2.24 X10" 7 . For the number density n(=pfkT),
£=S JW'
7 exp{-u(l-y->")}; (14) the factor T Q /T increases outwards from the sun, the factor p/p 0 decreases outwards; n has a minimum value at R m , where and so equation (9) leads to the solution
The minimum number density n m is given by no For T o = 10 6 the minimum n is at 1.21 X10 13 cm or 0.809 astronomical unit; and n m /n® is 1.435X10" 6 . The corresponding value of at the earth's distance is only slightly higher, by less than .5 percent; at ten astronomical units n/no is 2.11 X10" 4 . The distance R m and ratio n/no is rather sensitive to a change in T o . For a few values of To table 3 gives values of R m (expressed in astronomical units as x m ), n m /no, and also of n a /»o, where n a signifies the number density at the earth's distance. Table 3 indicates a considerable variation of the distance of minimum n as T ranges from 8X10* to 1.5X10 8 ; for the lowest of these temperatures, the minimum is attained just beyond the earth's orbit; for the highest of these temperatures, it is attained about half way between the sun and the earth. Over this considerable range of T and of x mi however, the variation of n is very slight, near and beyond the distance of minimum n, and at the earth's distance n has almost the same value as at the minimum. Table 3 shows also that at the earth's distance, n/no increases by a factor 620 as T o increases from 8X10 5 to 1.5 X10 6 . Van de Hulst (1950) finds that n 0 decreases from sunspot maximum to sunspot minimum; for i?-1.06 solar radii (approximately the same as R o ) his sunspot maximum value of no is 2.35X10 8 , the same in all solar latitudes; at sunspot minimum his polar value of no, 8.7 X 10 r , is notably less than the equatorial value, 1.3X10*. If To also is greater at sunspot maximum than at sunspot minimum, the disparity of no at the two phases will make the number density n at the earth vary by an extra factor of about two as compared with what table 2 would indicate, if no were assumed constant. Behr and Siedentopf (1953) have estimated that near the earth n (=71*) is about 600. If n 0 is taken to be 2X10 8 , their value gives 3X10~* for n B /iio at the earth's distance. According to table 2, this would correspond to a value of T o between 10 8 and 1.1 X10 6 . If the actual corona varies with T o at all like the model corona here discussed, it would suggest that the average value of T o over the sun undergoes only moderate changes.
The changing radial distribution of the proton-electron gas (if T o changes) involves an outward movement of gas if T o increases; if To decreases, the gas must draw back towards the sun. Changes propagated with the speed of sound would take about two months to reach the earth's orbit. The actual corona seems to show a nonuniform changing distribution of T o . The irregularities of T o over the corona will influence the proton-electron gas at a distance from the sun, but in a smoothed-out manner. Baumbach (1937) and van de Hulst (1950) , using eclipse coronal data, have given estimated distributions of n as a function of R up to a few solar radii. The extension of the solar corona has also been studied by observing how the radio waves from the radio star in Taurus vary in intensity when they traverse the outer corona (Hewish, 1955) . The radial distribution of n estimated by van de Hulst (1950) for sunspot maximum is compared in table 4 with the distributions given by equation (14) 8 . This value has the order of magnitude indicated by coronal temperature measurements; it gives a value of n at the earth's distance of the same order as that indicated by the zodiacal light observations; and at the intermediate distances, 5 to 15 times R Q , to which the Taurus data refer (Hewish, 1955) , the calculated values of n seem to be consistent with the radio star observations, though these only set lower limits to n.
In some recent discussions of the far extension of the corona it has been supposed that n varies as some inverse power of R; there seems to have been no suggestion that n might have a minimum value. The formula in equation (14) suggests a different kind of distribution. Table  3 shows that near the earth's distance the calculated radial variation of n is very slight for the three values of T o there considered; this is also implied by the low values of dTJdR given in table 2. In this respect the present calculations differ from the results given by Behr and Siedentopf (1953) ; it is difficult to see how a rapid outward decline of n near the earth could be produced.
The mean free path, collision frequency and collision interval for the electrons
The thermal conductivity in the protonelectron gas is mainly due to the electrons (Chapman, 1954) ; it is reduced by the presence 
where <r, a\ are the mean collision distances for electron-electron and electron-proton collisions respectively. These may be evaluated as follows. Let D and K, denote the first approximations to the coefficient of diffusion in a proton-electron gas, and to the coefficient of thermal conductivity in an all-electron gas (see first section). Formulae for D and K t (Chapman and Cowling, 1952) 1 are calculated (a) by regarding the particles as rigid elastic spheres, and (b) by considering them to be centers of Coulomb forces; D depends only on a u and K, only on <r. By comparing the two forms for D and the two forms for K,, we obtain expressions for <r and <ri. They are found to be almost the same (Chapman and Cowling, 1952, pp. 218, 235) : (18) and (Chapman and Cowling, 1952, p. 245), (19) where (Chapman and Cowling, 1952, p. 179) in the notation in the first section,
Thus Ai(2) differs from % A 2 {2), when x is large (as here), only by 1. For A 2 (2)=85, it is sufficiently accurate to take Hence »= 14.14 n/T H , Thus the mean free path of an electron at the distance of the earth is given as rather less than half the distance to the sun. As table 4 indicates, over this distance the number density of the coronal gas varies only very slightly; also the temperature gradient is small, this being ensured by the long electron paths. The proton mean free paths are of similar magnitude. The question may be raised: Is the thermal conductive flux rightly given by equation (3) when the number density is so small as 10 3 , or even 10 8 ? A question of this kind has been considered by Cowling and myself (Chapman and Cowling, 1952, p. 260 (1952) . It is there shown (p. 265) that the flux of conducted heat is unaffected by the further approximation, if the gas is at rest; no new terms are introduced into the heat flux "depending on the second or higher space-derivatives of T, nor on squares or products of derivatives of T." The third approximation to /, however, can supply a thermal flux even when T is uniform, if the gas is in motion. In the present discussion the gas is supposed to be everywhere at rest, although this is clearly an idealization of the actual changing corona. Hence it is concluded that the above calculations of T and n for our model corona are unlikely to be seriously in error even up to and somewhat beyond the earth's orbit.
Possible influence of the solar magnetic field It is known (Chapman and Cowling, 1952, pp. 325-329 ) that in a magnetic field the thermal conductivity is reduced for heat flow perpendicular to the field. It is still uncertain whether the sun has a general magnetic field extending into space like the field of a dipole in vacuo.
If it has, and even if the strength at its poles is no more than 1 gauss, the outward heat flow here calculated must probably be much reduced, except in high heliomagnetic latitudes. Thus the temperature would decrease outwards more rapidly, and the extension of the coronal gas would be more limited. There is order-ofmagnitude agreement between the density near the earth as here calculated (if we assume only Wo, T o and no solar magnetic field for R^>Ro) and that inferred from zodiacal light observations. This may be taken as an indication that the sun's general magnetic field (if any) does not pervade the corona. The present calculations would be much less affected by local sunspot fields, or by local magnetic fields convected by solar clouds or streams issuing from the sun. This question of the possible influence of magnetic fields on the heat flow in the corona, and on the far extension of the corona, seems worthy of further consideration, but this will not be attempted here.
!
How does the coronal gas affect a nonmagnetic planet?
The mean free path of the protons and electrons of the coronal gas much exceeds the radius of the planets that are immersed in the gas. The mean random speeds of the protons exceed the planetary speed, and the excess is still greater for the electrons. Hence, as in the case of meteors (Herlofson, 1948) traversing the higher layers of our atmosphere, we may infer that no cap of compressed gas will form in front of the planet. Planets without magnetic fields will be subject to the direct impact of the coronal protons and electrons. If the planet has an atmosphere, the coronal particles will penetrate its outermost layers; if there is no atmosphere, as, for example, is supposed to be the case for the moon, the coronal gas will be in direct contact with the planetary surface. It is of interest to consider the impact of the coronal gas, supposing there is no magnetic field. The flux of particles of number density n and mean random speed v, upon a fixed surface in a gas in equilibrium, is }i nv (Chapman and Cowling, 1952, p. 100 ). Now n is the same for the protons and electrons, whereas v 4 far exceeds v+. Hence the flux of electrons upon a planet would much exceed that of the protons. The impinging flux may be balanced for each kind of particle by an equal reflected or scatter flux. Suppose, instead, that the particles are absorbed by the planet or its atmosphere. Then the excess electron flux will rapidly charge the planet negatively, so as to equalize the two fluxes. Let the planet, for the present, be supposed at rest relative to the gas.
The electric field will retard the radial component speed of the electrons, and increase that of the protons. As the protons and electrons must keep together, until they enter the atmosphere or body of a planet, the electrostatic energy gained by the protons equals that lost by the electrons; hence their combined energy is constant. If Wb, w+ are the radial speeds at a distance, and w their common speed at the earth, 
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where m H denotes the mass of a hydrogen atom. As the mean value of \m,w? and Jm+w+ 2 is \kT, it follows that where the bar signifies that the mean value of the function below it is to be taken. For T= 219,000, w=42.5 km/sec. The radial proton speed is increased in the ratio ^/2, and the radial electron speed is reduced to this value.
The energy supplied to the planet will be greater for particles of speed higher than the average; a simple calculation suggests that on this account the average energy brought to the planet per proton-electron pair is not 3kT but AkT.
If ap is the radius (from the center of the planet) at which the coronal protons and electrons are absorbed into the planet or its atmosphere, the total flux of energy to the atmosphere (still neglecting the orbital motion of the planet) would be The orbital motion of the planet will affect this calculation. The order of magnitude can be estimated, very crudely, as follows. Consider the flux of energy per cm 2 sec on to the planet at its foremost and rearmost points, where the collisions are respectively head-on and overtaking. The fluxes are
where the mean value indicated by the overbar is to be taken over all molecules with a positive impact speed; u and v denote the lateral component speeds. By making crude approximations, the energy flux averaged over the fore and rear areas is of order (per cm* sec)
where the mean values are now supposed to be taken as if v P were zero. The ratio of this to the flux for a stationary planet is of order
If v P =30 km/sec and w is 42.5 km/sec, this number is 2.5. For impacts between the fore and rear points along the orbit the ratio will be less. Until the ideas in this paper have been subjected to critical consideration by those learned in this field, it does not seem worthwhile to go more elaborately into this question. But it seems reasonable to take 1.5 as an order-ofmagnitude estimate of the over-all factor by which the total coronal energy flux into the atmosphere on the moving planet exceeds what it would be on a stationary planet for which v P and Thave the supposed values. The motion of the planet will cause the energy flux to be greater over the forward than over the rear hemisphere; this must produce a daily variation of temperature in the high layer of the atmosphere that absorbs the coronal particles. When we insert the orbital-motion factor 1.5 in the expression for the energy flux into the atmosphere, this becomes 2.4 X10~3na P 2 .
(25)
This energy is kinetic energy; each electronproton pair also brings its energy of ionization, 13.6 ev. This increases the energy supply by nearly 20 percent, if this additional energy is "absorbed" by the atmosphere. The kinetic energy will be absorbed, and will be increased by the gravitational pull of the planet, but the increase per proton-electron pair, for a planet like the earth, is less than 0.6 ev, and may be left out of account.
Applying this calculation to the moon, supposed to be devoid of an atmosphere and any hindering magnetic field, a P must be identified with the actual radius of the moon. Hence the flux of coronal kinetic energy to the surface is 2.4X10-3 n/4ir or l.QXlO" 4 ™ ergs/cm 2 sec. If n= 10 3 , this is 0.19 erg/cm 2 sec. At the subsolar point of the moon, the flux of incident solar radiation is 2 cal/cm 2 minute or 1.4 X 10 9 erg/cm 2 sec. Thus the heat flux from the corona is about 10~7 of the maximum solar SOLAR CORONA AND TERRESTRIAL IONOSPHERE 9 radiation flux on the sunlit half of the moon. Hence the coronal gas seems unlikely to have any appreciable influence on the temperature of the dark side of the moon. This temperature is now inferred, from the study of microwave thermal radiation (Piddington and Minnett, 1949; Jaeger, 1953) , to be of order 150° K, superseding the much lower values still sometimes quoted (Duncan, 1946) .
If the planet has an atmosphere, the coronal particles will penetrate only its outermost layer, even on the forward hemisphere. The kinetic energy of the coronal particles will be shared with the particles of the atmosphere* if these likewise are mainly protons and electrons, the energy can be shared only as kinetic or heat energy; if they include other kinds of ions and neutral particles, a fraction of the coronal energy may go into excitation and ionization, but most of it will be converted into local heat energy. In a steady state this must be removed at the same rate as it is supplied; the removal will be by downward conduction. The energy will descend as heat to lower layers where it can escape, probably by long-wave radiation from polyatomic molecules. This downward heat flux will be superposed on the other processes of supply and dispersal of energy, by solar wave or corpuscular radiation. It implies an upward increase of atmospheric temperature towards a high value, perhaps of the same order as that of the coronal gas. This rise of temperature will facilitate the escape of lighter gases of the atmosphere, beyond the rate that would obtain in the absence of the coronal gas.
Zodiacal dust
The zodiacal light (Allen, 1946; van de Hulst, 1947) indicates the presence round the earth of multimolecular particles ranging in radius up to 0.03 cm (van de Hulst, 1947) , or on another view, 0.001 cm (Allen, 1946) ; such particles are supposed to be similar in size to telescopic meteors. Van de Hulst considers that only a small proportion of the zodiacal light particles have speed sufficient to render them visible when they enter our atmosphere. Watson (1937) estimated that about 5 tons of meteoric matter falls daily upon the entire earth (Whippie, 1955) ; van de Hulst estimated the total accretion to be 10* times as great, mainly by zodiacal particles. If the bulk of this matter enters the earth's atmosphere with the speed simply of free fall (about 10 km/sec), the energy flux over the earth will be of order 3X10 17 erg/sec. Some of this energy may be absorbed below 100 km, but the main contribution, by the smaller particles, would be made at higher levels.
Influence of the coronal gas upon the outermost atmosphere of the earth The geomagnetic field complicates the consideration of the terrestrial influence of the protonelectron gas. This question has already been discussed by Dungey (1954) , in the light of the theoretical discussions of magnetic storm phenomena by Ferraro and myself (Chapman and Ferraro, 1931; 1932; 1940) . As Dungey says, the problem is difficult, and no attempt is made to solve it here. Dungey concludes that, as in the theory of magnetic storms, the geomagnetic field will exclude the coronal gas from a space around the earth. He estimates the radius of the cavity in the plane of the equator to be 9a, where a denotes the earth's radius.
When a solar cloud or stream of fast-moving gas is first projected towards the earth, a cavity will be formed in it; this is a passing event. But if the coronal gas surrounds the earth for long periods, it seems to me probable that the cavity will slowly fill up. Suppose the coronal temperature were to fall to a low value, causing the equilibrium density n near the earth to Become inappreciable. If, then, T o rose again to a steady value of 10* degrees or more, the corona would expand, and on reaching the earth a cavity would be formed in it. The particles, protons and electrons, would be magnetically deflected back into the gas at the surface of the cavity. Collisions there would be rare, but when they occurred they would scatter the colliding particles, which could remain in the vicinity or spiral along the lines of force towards the earth. They could also slowly diffuse laterally into the cavity, by the action of further collisions, with spiralling motion. If the density of the coronal gas remains fairly uniform over long periods, the cavity might thus fill up with gas, forming an extension of the terrestrial atmosphere. At first the surface of the cavity would act like an almost perfect reflector, and no energy would be lost to the coronal gas. If the cavity filled up, the extended atmosphere would trap some of the energy of the impinging coronal particles, and this energy could be conducted downwards to lower levels in the atmosphere. The heat conductivity along the lines of force is unimpeded by the magnetic field, but the conduction transverse to them is reduced by the field. The expression (25) for the kinetic energy brought to the radius of penetration gives an upper limit to the downward flux of energy.
In the terrestrial case, suppose that the radius a P of the penetration level is 5a, and n is 10 3 . If the air temperature rises to be of order 10 5 at this level, the mean temperature gradient between this level and the F 2 peak would be about 4°/km. The maximum coronal heat available to the whole of the earth's atmosphere at this level would be 2.4 X10 19 erg/sec.
Whether any significant fraction of this energy is actually trapped by the earth must remain uncertain until the trapping process above suggested, or some alternative process, is established by theory or until air temperature measurements above the F layer show that there, also, heat energy is flowing downwards.
The temperature of the outer ionosphere The temperature at the Fa peak itself is still uncertain, but several types of evidence indicate a value of about 1000° K; this is supported by Gallet's studies (unpublished) of the absorption of radio waves in the F layer.
The thermal economy of the upper atmosphere has been discussed by Spitzer (1952) , Bates (1951) , Johnson (1956) , and others. Some of these discussions (Spitzer, 1952; Bates, 1951) mention the possibility that a significant energy contribution may come from particles in the space around the earth, but mainly they proceed on the supposition that there is no such contribution. Spitzer drew attention to the importance of thermal conduction. He estimated K (using a rigid-elasticsphere formula) to be 4.1 X 10 s erg/°cm sec. He determined the temperature gradient required to enable conduction to dispose of the energy absorbed in the F layer from solar radiation. This energy has not yet been measured, and it was assumed to be X times the energy in black body solar radiation at 6000° K for wavelengths shorter than 910 A. The conclusions drawn were: If X<5, T will be constant above the O 2 dissociation level, probably about 150 km; if 5<X<10, Twill be determined jointly by the absorbed radiation and by conduction, and an average value of 1500° K, reached some distance above 300 km, would be consistent with all known facts; if X>100, there will be radiative equilibrium, with 2 7 >2000° from about 300 km upwards (according to Spitzer (1952, p. 239) , "this value is much too great for an average temperature, but might reasonably be expected during a burst of intense ultraviolet radiation from the sun").
Bates (1951) gave estimates of K using a formula showing a greater dependence on T than the formula used by Spitzer. For T=1000 he found 2T=5.9X10 3 erg/°cm sec. He estimated the supply of solar radiation energy needed to ionize the F layer as observed. He found the chief loss process to be conduction, but with the estimated energy supply this would imply a temperature gradient of only 0.4°/km (at sunspot minimum); this would not accord with the supposed high temperature at the F 2 peak. Hence he sought other possibilities of energy supply, and suggested tentatively that this is mainly associated with unobserved F layer ionization.
The total heat flux descending below the F 2 peak may be estimated as 9.5X10 17 ergs/sec, taking i£=5X10 3 and dT/dh as 3.57km. This is about 4 percent of the maximum supply here estimated as possibly coming from the coronal gas; it is thrice as much as the estimated amount that zodiacal dust would supply. All three estimates, of course, are uncertain, particularly those of the heat possibly coming from particles outside. The zodiacal dust, though it may be photoionized, is not so subject to the influence of the geomagnetic field as the coronal gas, and is likely to make some contribution to the heat balance of the atmosphere. The estimation of the supply from the coronal gas involves more difficult considerations. In view of the other unsolved difficulties in the problem of the heat balance of the upper atmosphere, it seems desirable to bear in mind, and to examine, the possibility that the observed heat flux below the F layer has come through the F layer from above, and is not merely a loss process of the F layer itself. If this be the case, our picture of the outermost atmosphere must be much modified. I hope elsewhere to deal with these ionospheric questions more in detail.
In conclusion, I wish to thank Dr. Eugene N. Parker and Dr. E. W. Dennison for helpful discussions on the subject of this paper.
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Abstract
For a model solar corona, static and spherically symmetrical, the radial distribution of temperature T and number density n is considered. For coronal gas composed solely of protons and electrons, the thermal conductivity varies as T" 8 , and depends little on n. A steady conductive heat flow to infinity (T=0) implies that T varies as l/r* /7 , and that if the coronal temperature To is of order 10*, the interplanetary gas is hot (about 200,000° near the earth). If in the hottest level of the corona the number density (no) is about 2 x 10* cc, near the earth n is of order 10*, depending rather sensitively on 7V This accords with zodiacal light indications, but differs from them as regards their suggestion of a rapid decrease of n near the earth. It accords also with inferences drawn from radio studies of "whistlers."
It is shown that the coronal gas will convey little heat to the dark side of the moon. It is suggested that the hot coronal gas surrounding the earth may be the cause of the downward flow of heat below the Fj peak in the terrestrial ionosphere; but difficult questions related to the influence of the geomagnetic field upon the fully ionized coronal gas render this suggestion speculative. It might be settled by observing the density or temperature above the F f peak.
The satellites to be launched during the International Geophysical Year will move in regions where such observations will be of special value in this connection.
